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摘    要 
 
秀丽隐杆线虫（Caenorhabditis elegans，C. elegans）作为发育生物学的模式
生物，广泛用于神经系统和药物筛选方面的研究。秀丽隐杆线虫与人类和寄生
虫的很多基因存在同源性，利用它的这一生物特点，可以建立与人类疾病相关
基因的研究模型，研究相应的信号通路，发现新的具有重要生物功能的潜在药
物靶标。 
组蛋白去乙酰化酶（histone deacetylases，HDACs）催化组蛋白的去乙酰化，
可抑制基因的转录。在哺乳动物中发现了 4 类 HDACs，它们参与了癌症相关基
因的转录表达、细胞增殖以及细胞凋亡等过程。在C. elegans中，hda-1和 hda-2
属于 HDACs I类，它们与神经衰退有关；sir-2.1属于 HDACs III类，参与了细
胞凋亡的调控。但是 HDACs I类中的 hda-2和 hda-3及 HDACs II类中的 hda-10
和 hda-11在 C. elegans 中相关功能和基因定位的报道还比较少。 
为了研究C. elegans hda-2、hda-3、hda-10和 hda-11基因的功能，我们克隆
了C. elegans的 hda-2、hda-3、hda-10和 hda-11基因，并进行了表达鉴定。首先
提取C. elegans mRNA，反转录获得 cDNA的第一条链，PCR扩增得到 cDNA片
段大小分别为 1524 bp（hda-2）、1398 bp（hda-3）、1554 bp（hda-10）和 1005 
bp（hda-11）。然后构建 pET-32a表达载体，经测序验证后，转化至 BL21（DE3）
中诱导表达，得到重组蛋白的分子量大小分别为 75.1 kDa（HDA-2）、70.7 kDa
（HDA-3）、76.1 kDa（HDA-10）、55.3 kDa（HDA-11），用纯化后的重组蛋
白免疫小鼠获得相应的抗血清。 
通过 Real-Time PCR 研究了 hda-2、hda-3、hda-10 和 hda-11 在 C. elegans
的N2、daf-2(e1370)和daf-16(e1038)三种虫株中mRNA水平的表达情况，结果显
示：hda-2基因在 daf-2(e1370)突变体中的表达量明显高于 N2和 daf-16(e1038)突
变体，hda-3 和 hda-10 基因在 N2 中的表达量明显低于 daf-2(e1370)和
daf-16(e1038)突变体；hda-11 基因在 N2 中的表达量明显高于 daf-2(e1370)和
daf-16(e1038)突变体虫株。通过 Western blot 分析了 HDA-2、HDA-3和 HDA-11
在三种虫株间的蛋白表达情况，结果与 Real-Time PCR 实验结果总体上是一致
的，只是 HDA-10 蛋白在 daf-16(e1038)中的表达明显降低。 
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为了探讨这些基因对 N2 虫株的产卵及 C. elegans 的 N2、daf-2(e1370)和
daf-16(e1038)三种虫株的寿命影响，构建了L4440干扰载体，经测序验证后，转
化至 HT115 中制成干扰菌喂食这三种虫株对上述基因进行 RNAi 实验。结果显
示：干扰 hda-2 和 hda-3 的表达后，N2 虫株产卵量均减少；hda-10 和 hda-11 的
沉默使 N2 产卵量减少但孵化情况受影响较小。干扰 hda-2 和 hda-3 的表达后，
daf-2(e1370)和 daf-16(e1038)虫株的寿命均明显缩短，分别使 N2 虫株寿命增加
9.987%和 25.87%；此外 hda-10和 hda-11的沉默均使 C. elegans的三种虫株寿命
缩短，其中 hda-11 沉默后寿命减少极显著。 
DAF-2和 DAF-16是 C. elegans中调控寿命信号通路的重要因子，为探究这
四种Hdacs对寿命的影响是否与它们有关，我们用Western blot检测了DAF-2和
DAF-16 蛋白在四种 Hdacs 基因 RNAi 前后的表达变化情况，结果显示：hda-2
被干扰后，三种虫株的 DAF-2 和 DAF-16 蛋白表达无明显变化；hda-3 被干扰
后，N2 和 daf-16(e1038)突变株中 DAF-2 蛋白表达量略少；hda-10 被干扰后，
daf-16(e1038)突变株中 DAF-2 蛋白表达量略低于对照组，其余均无明显变化；
干扰 hda-11后，N2 和 daf-2(e1370)突变株中 DAF-16蛋白表达量稍有下降。  
免疫荧光定位研究发现 HDA-2、HDA-3、HDA-10 和 HDA-11 四种蛋白在
C. elegans的胚胎、幼虫及成虫中均有表达。HDA-2和 HDA-3蛋白从 C. elegans
胚胎中后期开始在细胞核表达，成虫期各组织分布广泛，且在肠道和生殖腺高
表达。HDA-10 和 HDA-11 蛋白从 C. elegans 胚胎早期开始在细胞质表达。
HDA-10 蛋白从胚胎晚期开始在神经环处表达，成虫期肠道、生殖腺及尾部的
细胞质也有分布。HDA-11 蛋白在食道、食道球、皮层细胞、肠道和生殖腺的
细胞质表达，但生殖腺处表达量少。 
综上所述，在 daf-2(e1370)和 daf-16(e1038)突变体中，hda-2、hda-3 和
hda-10的 mRNA水平表达量上调，且 hda-2、hda-3和 hda-10 RNAi 后两种突变
体寿命均缩短，故初步判断 HDA-2、HDA-3 和 HDA-10 与 daf-2(e1370)和
daf-16(e1038)突变体寿命相关。hda-11 RNAi 后，DAF-16 表达量下降，且 C. 
elegans 的 N2、daf-2(e1370)和 daf-16(e1038)三种虫株寿命减少，说明 hda-11 可
能通过调控 daf-16 的表达进而影响虫株的寿命。HDA-2、HDA-3、HDA-10 和
HDA-11 均在生殖腺有表达且 RNAi 后 N2 产卵量下降，推测这四种蛋白参与了
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C. elegans的生殖发育过程。 
 
关键词：秀丽隐杆线虫；组蛋白去乙酰化酶；克隆；表达
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Abstract 
 
As a model animal in developmental biology, Caenorhabditis elegans was used 
in nervous system and drug screening widely. Based on the homologues of C. elegans, 
human and parasites’ genes, C. elegans can be used as human disease model for 
signalling transduction study and discover new and potential drug targets. 
Histone deacetylases, which remove acetyl groups from core histones, inactivate 
gene transcription by promoting the histones to wrap the DNA more tightly. There are 
four classes of HDACs in mammals involved in transcriptional expression, cell 
proliferation and apoptosis in tumor cells. hda-1 and hda-2 belong to type I HDACs 
and relate to neuronal degeneration in C. elegans, while Sir-2.1 as a member of class 
III HDACs is revealed to play a role in cell apoptosis. Till now, the function and role 
of hda-2 and hda-3 (which belong to the class I HDACs) as well as hda-10 and 
hda-11 (which belong to the class II HDACs) are remained less reported in C. 
elegans.  
In order to understand the functions of these genes in C. elegans, hda-2, hda-3, 
had-10 and had-11 were cloned and expressed in Escherichia coli, respectively. The 
mRNA from C. elegans (N2 strain) was extracted, the first strand cDNA was obtained 
by reverse transcription. After PCR amplification, we got the fragments of these genes 
1524 bp (hda-2), 1398 bp (hda-3), 1554 bp (hda-10) and 1005 bp (hda-11) 
respectively. The recombinant proteins were expressed and purified, the molecular 
weight of the recombinant proteins are 75.1 kDa (HDA-2), 70.7 kDa (HDA-3), 76.1 
kDa (HDA-10) and 55.3 kDa (HDA-11) respectively. In order to obtain the 
corresponding antibodies of these proteins, we immunized mice with purified 
recombinant proteins. 
We used Real-Time PCR to detect the mRNA level of hda-2, hda-3, hda-10 and 
hda-11 in N2, daf-2(e1370) and daf-16(e1038) of C. elegans, and found that the 
expression of hda-2 was the highest in daf-2(e1370) mutant; the expression of hda-3 
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and hda-10 were the lowest in N2; the expression of hda-11 was higher in N2 than in 
other strains. Consistent with the Real-Time PCR results, Western blots results 
indicated the same expression pattern in these strains except hda-10.  
The RNA interference was employed to study the impact of these genes on 
spawning of N2 and the lifespan of N2, daf-2(e1370) and daf-16(e1038). It was found 
that the spawning was reduced after interfering any one of hda-2 and hda-3 in 
wild-type N2, the mean egg hatchability was decreased; interfering either hda-10 or 
hda-11 would result in fecundity reduction while it have little influence on hatching 
rate. RNAi knockdown of either hda-2 or hda-3 extended N2 lifespan by 9.987% and 
25.87% respectively, nevertheless, the lifespan of daf-2(e1370) and daf-16(e1038) 
mutants reduced significantly; additionally, interfering hda-10 or hda-11 would 
decrease the lifespan of N2, daf-2(e1370) and daf-16(e1038), and decreased 
significantly after knockdown hda-11 by RNAi. 
DAF-2 and DAF-16 are important factors in lifespan control related signaling 
pathways in C. elegans, in order to study their relationship, Western blot was used to 
explore the expression levels of DAF-2 and DAF-16 affected by four HDACs. The 
expression of DAF-2 and DAF-16 were no significant change after knockdown hda-2 
by RNAi. After interfering hda-3 by RNAi, the expression of DAF-2 was slightly 
decreased in N2 and daf-16(e1038) mutant. The expression of DAF-2 was slight 
decreased in daf-16(e1038) after RNAi knockdown of hda-10. The expression of 
DAF-16 was reduced a little in N2 and daf-2(e1370) mutant by interfering hda-11. 
Immunofluorescence localization of four HDACs revealed that they are widely 
distributed in embryos, larvae and adult of C. elegans. In middle and late embryos 
HDA-2 and HDA-3 express strongly in the nucleus, and distributed widely in the 
organs of the adult worms, especially in gut and gonad. In the early embryo of C. 
elegans, HDA-10 and HDA-11 are distributed in the cytoplasm. Except in gut, gonad 
and tail of adult, HDA-10 is also found expressed in nerve ring. HDA-11 is 
distributed in the esophagus, the ball of the esophagus and cortex cells. Meanwhile, it 
also expresses in the cytoplasm of intestine and gonads, but less in gonad. 
In summary, the mRNA expression level of hda-2, hda-3 and hda-10 were up 
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regulated in daf-2(e1370) and daf-16(e1038) mutants, and the lifespan reduced after 
interfering hda-2, hda-3 and hda-10. These results implied that these genes are linked 
with longevity in daf-2(e1370) and daf-16(e1038) mutant strains. RNAi knockdown 
of hda-11 decreased the expression of DAF-16 and shorten the lifespan of N2, 
daf-2(e1370) and daf-16(e1038) of C. elegans, so we suspect that hda-11 may affect 
the nematodes longevity through regulating the expression of daf-16. Considering 
HDA-2, HDA-3, HDA-10 and HDA-11 were localized in gonad and the spawning of 
N2 decreased after silencing of four genes by RNAi, we speculated that the four 
proteins might be participate in the reproductive development of C. elegans. 
 
Key words: Caenorhabditis elegans; histone deacetylases; cloning; expression
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